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Abstract
Poor complementary feeding practices among infants and young children in Coˆte d’Ivoire
are major contributing factors to the country’s high burden of malnutrition. As part of a
broad effort to address this issue, an affordable, nutritious, and locally produced fortified
complementary food product was launched in the Coˆte d’Ivoire in 2011. The objective of
the current research was to assess various levels of coverage of the program and to identify
coverage barriers. A cross-sectional household survey was conducted among caregivers
of children less than 2-years of age living in Abidjan, Coˆte d’Ivoire. Four measures of cover-
age were assessed: “message coverage” (i.e., has the caregiver ever heard of the prod-
uct?), “contact coverage” (i.e., has the caregiver ever fed the child the product?), “partial
coverage” (i.e., has the caregiver fed the child the product in the previous month?), and
“effective coverage” (i.e., has the caregiver fed the child the product in the previous 7
days?). A total of 1,113 caregivers with children between 0 and 23 months of age were
interviewed. Results showed high message coverage (85.0%), moderate contact coverage
(37.8%), and poor partial and effective coverages (8.8% and 4.6%, respectively). Product
awareness was lower among caregivers from poorer households, but partial and effective
coverages were comparable in both poor and non-poor groups. Infant and young child feed-
ing (IYCF) practices were generally poor and did not appear to have improved since previ-
ous assessments. In conclusion, the results from the present study indicate that availability
on the market and high awareness among the target population is not sufficient to achieve
high and effective coverage. With market-based delivery models, significant efforts are
needed to improve demand. Moreover, given the high prevalence of malnutrition and poor
IYCF practices, additional modes of delivering IYCF interventions and improving IYCF
practices should be considered.
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Introduction
The prevalence of malnutrition in infants and young children in Côte d’Ivoire is high. A national
survey conducted in 2007 found that 72% of children between 6 and 59 months were anemic,
24% were vitamin A deficient, 15% had iron deficiency, 41% were stunted, 14% were wasted,
and 29% were underweight [1]. A more recent national survey conducted in 2011–2012, which
assessed the prevalence of anemia, stunting, wasting, and underweight, indicated some progress,
but persistently high prevalence rates of malnutrition: 75% of children between 6 and 59 months
were anemic, while 30% were stunted, 8% were wasted, and 15% were underweight [2].
It is widely recognized that exclusive breastfeeding provides the optimal diet for children
under 6 months [3]. However, after 6 months of age, the nutritional requirements of infants
increase for all macro- and micronutrients such that breast milk alone can no longer cover the
infants’ needs [4, 5]. Thus, to ensure adequate nutrition and healthy growth outcomes, it is
essential that a variety of nutrient-dense foods be introduced into children’s diets to comple-
ment breast milk. The main strategies to increase nutrient density in children’s diet are dietary
diversification, supplementation, and fortification [6]. The appropriateness and suitability of a
particular approach depends on the context and nutritional needs of the target population as
discussed elsewhere [6].
Infant and young child feeding (IYCF) practices are poor in Côte d’Ivoire: Only 12% of chil-
dren are exclusively breastfed until 6 months of age [7] and fewer than 5% of the children
between 6 and 23 months are fed according to theWorld Health Organization’s optimal feed-
ing recommendations [8].
In 2009, the Global Alliance for Improved Nutrition (GAIN) initiated a project in Côte
d’Ivoire to introduce a nutritious and affordable fortified complementary food product targeted
at poorer children 6–23 months and to raise awareness and improve IYCF practices. The proj-
ect was entitled “Projet de Promotion de l’Alimentation de Complément Enrichie du Jeune
Enfant en Côte d’Ivoire” (PACE) (Project to Promote the Feeding of FortifiedComplementary
Foods to Young Children in Côte d’Ivoire) [9] and was led by a non-governmental organiza-
tion, Helen Keller International (HKI), and a local producer, Protein Kissée-La (PKL).
PACE took an existing product (Farinor) that had been developed for all children 6–23
months in Côte d’Ivoire and reformulated it in accordance with international recommenda-
tions into a new product (Nutribon), that was targeted to the country’s poorer consumers. In
2014, PKL produced a total of 181 MT of fortified complementary foods and distributed it
through pharmacies (50%), supermarkets (34%), and shops (14%) (personal communication
from PKL). In addition, mobile salespersons on motorbikes reached areas that were less served
by more traditional commercial means.
HKI conducted formative research on caregivers’ knowledge and practices of optimal feed-
ing. The results of this research showed that knowledge was generally low and practices poor,
that coverage of instant cereals was largely limited to wealthier populations in urban areas, and
that there was an unmet demand for affordable and nutritious complementary food options
[10]. These findings were used by HKI to develop a behavior change campaign that started
concurrently with the launch of Nutribon in 2011 (and ended in 2013) and that consisted of a
general awareness-raising campaign, training of health workers and community leaders, and
cooking demonstrations.
The primary objectives of the current research were to determine the coverage of the PACE
program among children 6–23 months of age living in Abidjan, identify the major barriers to
coverage of the program, and formulate recommendations for future program activities. Youn-
ger children (<6 months) were included to assess IYCF practices and whether the product was
inappropriately being consumed.
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Materials and Methods
Study design and setting
A cross-sectional cluster-based household surveywas conducted from September to October
2014. The surveywas carried out in Abidjan, as this constituted the main market for PKL’s
sales, with more than 75% of the products sold there (personal communication from PKL).
Moreover, about 20% of the population of Côte d’Ivoire lives in Abidjan [11].
In the first stage of sampling, nine primary sampling units (PSUs), which consisted of the
smallest census unit and contained about 200 households, were randomly selected in each of
the 10 communes in Abidjan with the probability of selection for each PSU being proportional
to the number of households in that PSU. Prior to the second stage of sampling, a census was
carried out in each selected PSU to identify eligible children and households and to estimate
population size. The household list in each PSU was used in the second stage of sampling,
which consisted of a random selection of 13 households with at least one child aged 0–23
months. If more than one eligible child lived in a selected household, only one child was ran-
domly selected, using a Kish table [12].
Ethical considerations
The survey protocol was approved by the Comité National d’Éthique et de la Recherche
(National Ethics Committee of Côte d’Ivoire), clearance number 55/MSLS/CNR-dkn.Written
informed consent was sought from the caregiver of each selected child. All participating house-
holds were given two bars of soap and an information brochure on adequate IYCF practices to
thank them for their participation.
Survey instrument and indicator definitions
The survey questionnaire was adapted from a questionnaire that was part of a survey previ-
ously conducted in Ghana [13] and was pilot tested. An interviewwith the main caregiver of
the selected child was conducted using the questionnaire and the following data was collected
on all household members: sex, age, and education; household socio-demographic status;
water, sanitation, and hygiene practices; IYCF practices; women's and children's dietary diver-
sity [14]; and coverage of PKL’s products. Mid-upper arm circumference (MUAC) of the care-
giver and the child was measured with a MUAC tape.
A multidimensional poverty index (MPI) was constructed according to Alkire and Santos
[15], whereby living standards, education, health and nutrition, and household assets were
combined to create an index ranging from 0 (indicating no poverty) to 1 (indicatingmaximum
poverty); a household with an MPI of 0.33 or more was classified as poor.
Severe acute malnutrition (SAM) was classified using the MUAC measurement result. Chil-
dren under 6 months of age with a MUAC below 110 mm, children 6 months of age and above
with a MUAC below 115 mm, and adult women with a MUAC below 230 mmwere defined as
having SAM [16]. Any caregiver or child diagnosedwith SAMwas referred to the nearest
health facility and follow-up was ensured by a survey nurse hired for this purpose.Household
hunger was assessed using the Household Hunger Scale (HHS) [17]. The HHS is an indicator
of household hunger that is focused on the food quantity dimension of food access. The ques-
tions ask whether or not a specific condition associated with the experience of food insecurity
ever occurredduring the previous 4 weeks (30 days).
IYCF practices were assessed using the Infant and Child Feeding Index (ICFI) according to
Guevarra et al. [18]. This index combines age-specific scores for breastfeeding, child’s dietary
diversity and meal frequency patterns into an age-appropriate child feeding practices score
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which ranges between 0 and 6. Children with an ICFI score of 6 were considered as having
optimal IYCF practices; children with an ICFI of less than 6 were considered having poor IYCF
practices.
Improved drinkingwater source was defined as piped water or water from a borehole, pro-
tected or semi-protected dug well, protected spring, or rainwater collection. Safe drinking
water is defined as using water from an improved source or, in the case of use of unimproved
water sources, using adequate home treatment methods to make water safer to drink (i.e., by
boiling, adding bleach/chlorine, using a water filter, or using solar disinfection). Adequate sani-
tation facilities were defined as a flush toilet that pours to a piped sewer, a septic tank or pit
latrine, a ventilated improved pit latrine, a pit latrine with slab, or a composting latrine, and
not sharing the facilities with non-householdmembers.
The definitions of coverage were based on the model of Tanahashi [19]. This model identi-
fies sequential levels through which coverage is achieved and each level relates to an important
step on the pathway to the provision of the intervention [20]. In this context, we defined the
following four different coverage levels: “message coverage” (i.e., the caregiver has ever heard
of Farinor or Nutribon), “contact coverage” (i.e., the caregiver has ever given the participating
child Farinor or Nutribon), “partial coverage” (i.e., the caregiver has given the participating
child Farinor or Nutribon at least once in the past month), and “effective coverage” (i.e., the
caregiver has fed the participating child Farinor or Nutribon at least once in the past 7 days). In
addition, two summarymeasures were calculated: “met need” (i.e., the proportion of children
considered at-risk of poverty or poor IYCF practices that have the coverage measures described
above) and “coverage ratio” (i.e., the ratio of a measure of coverage in children considered at-
risk to that measure of coverage in children considered not at-risk) [13].
Data entry and analysis
Double data entry was conducted by dedicated data entry clerks using Epidata (Version 3.1)
[21]. Data were examined for missing values and data distributions for normality in the whole
sample. Statistical weights applied during all analyses accounted for: the differences between
estimated PSU populations used in first-stage sampling and the actual PSU population counted
by the survey teams, the different likelihood of selection of a child resulting from the different
number of eligible children in households, and the different sampling fraction in the 10 com-
munes. Cluster and stratified sampling were accounted for when calculatingmeasures of
precision.
The statistical significance of associations between categorical variables, including the mea-
sures of coverage of PKL products, was assessed using adjusted chi-square p values. Adjusted
student’s t-test and one-way analysis of variance (ANOVA) were used for assessing the statisti-
cal significance of any differences between categorical and continuous variables. P values below
0.05 were considered statistically significant.Multivariate regression analysis was employed to
determine independent associations between variables and coverage. Percent met need and
coverage ratios were calculated using a blocked weighted bootstrap estimation technique [22]
and a total of 400 bootstrap replicates were used. Data analyses were conducted using R (Ver-
sion 3.1.0) and SPSS (Version 21). The results are presented for the children in the age range
targeted by the product, i.e., between 6 and 23 months, except where otherwisementioned.
Results
Characteristics of the survey sample
A total of 1,113 caregiver-child pairs were surveyed,which corresponds to a response rate of
95.1%. The main characteristics of the survey households and population are presented in
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Table 1. Among households included in the survey, less than one-quarter were classified as
poor by the MPI, and a high proportion had electricity, clean cooking fuel, improved flooring,
and a safe drinkingwater source. A relatively small percentage of households had a child who
did not attend school or experiencedmoderate to severe hunger. Nonetheless, adequate toilet
sanitation was lacking in almost one-half of households, and only one-half of caregivers had 5
or more years of schooling.
Results showed very poor IYCF practices in the surveyed children aged 6–23 months
(Table 2). Twenty-five percent of the children were fed adequately as measured by the ICFI.
Adequate dietary diversity was found to be lower in poor households than in non-poor house-
holds (p<0.05). Among children less than 6 months of age, only 27.7% were exclusively
breastfed, and the feeding of PKL products and other fortified instant cereals was extremely
low: 0.4% of children under 6 months had ever been given a PKL product.
Table 1. Survey Population Demographics and Household Characteristicsa.
Variable N Value
Household level
Household size (number of people) 1,113 6.10 (5.81, 6.38)
Household dependency ratiob 1,113 0.58 (0.54, 0.63)
Households with MPI score0.33 (%) 1,106 21.0 (16.6, 26.3)
Electricity (%) 1,106 97.0 (82.1, 99.6)
Clean cooking fuel (%) 1,106 77.7 (70.9, 83.3)
Improved flooring (%) 1,106 98.5 (95.7, 99.5)
Safe drinking water source (%) 1,106 99.0 (98.0, 99.5)
Adequate treatment of drinking water (%) 1,106 4.3 (2.4, 7.6)
Safe toilet sanitation (%) 1,106 55.1 (46.6, 63.3)
Households with any household member 5–14 years not currently attending
school (%)
1,106 17.8 (15.0, 21.0)
Households experiencing moderate to severe household hunger (%) 1,106 8.7 (6.2, 12.1)
Caregiver
Age of caregiver (years) 1,113 29.0 (28.4, 29.6)
Caregivers with 5 or more years of schooling (%) 1,106 49.5 (44.2, 54.7)
Caregiver with severe acute malnutritionc 1,106 4.4% (3.2%,
6.1%)
Child
Age of child (months) 1,113 11.0 (4.0, 16.0)
Below 6 months of age (%) 1,113 29.8 (26.9, 32.8)
6–11 months of age (%) 1,113 21.2 (18.1, 24.7)
12–23 months of age (%) 1,113 49.0 (46.1, 51.9)
Female children (%) 1,113 46.3 (41.5, 51.2)
Child with severe acute malnutritiond 1,106 8.4% (6.2%,
11.3%)
a Mean (95% confidence interval) was used as the measure of central tendency for normally distributed
variables; percentages (95% confidence interval) were used for proportions. Median (25th and 75th
percentiles) was used for non-normally distributed variables.
b Number of household members under 15 years old and over 64 years old divided by number of household
members between 15 and 64 years old.
c Severe acute malnutrition defined as MUAC below 230 mm.
d Severe acute malnutrition defined as MUAC below 110 mm for children under 6 months of age and MUAC
below 115 mm for children 6 months of age and above.
doi:10.1371/journal.pone.0166295.t001
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Product coverage
Coverage results are presented in Table 3. Message coverage and contact coverage were lower
in poor households than in non-poor households (75.3% and 87.7%, p<0.05, and 27.9% and
40.3%, p<0.05, respectively). However partial and effective coverage were not significantly dif-
ferent between poor and non-poor households.
Message coverage and contact coverage were lower in children from poor households (as
shown by coverage ratios less than 1; see Table 4). The situation is slightly different with the
coverage ratio among children with poor IYCF practices: The message and partial coverage
were not significantly different between children with poor and good IYCF practices; however,
the contact coverage and effective coverage was higher among children with poor IYCF prac-
tices, with relatively better targeting of children with poor IYCF practices.
The survey also assessed the contact coverage of other products. Fortified instant cereals of
other brands were also commonly consumed (69.7%). The most commonly consumed brands
were: Cerelac (33.3%), Blédina (30.6%), France Lait (11.0%) and Phosphatine (8.5%). Although
the data is cross-sectional, the results suggest that no single product would cover all children.
The program implications of this need to be assessed further.
Program enablers and barriers
The main program enablers were: the widespread utilization and acceptability of products
from the fortified complementary instant cereal category, the high awareness of PKL comple-
mentary food products, and the perception of fortified complementary food as being healthy
for the child. Among children 6–23 months of age included in the survey, 69.6% were com-
monly fed with any fortified complementary instant cereals. The main sources of information
Table 2. Infant and Child Feeding Practices for all, poor and non-poora.
Variable All Poorb Non-Poor p-value
ICFI score 4.66 (4.51, 4.81) 4.56 (4.32, 4.80) 4.69 (4.52, 4.85) 0.319
Children with ICFI score of 6 (%)c 25.4% (21.2%, 30.1%) 26.3% (18.3%, 36.3%) 25.2% (20.0%, 31.1%) 0.839
Currently breastfed (%) 56.9% (52.5%, 61.2%) 64.4% (51.9%, 75.2%) 54.7% (49.7%, 59.6%) 0.176
Age-appropriate dietary diversity (%) 62.8% (56.9%, 68.3%) 51.9% (39.8%, 63.9%) 65.9% (60.2%, 71.2%) 0.030
Age-appropriate meal frequency (%) 70.8% (64.6%, 76.2%) 71.3% (63.2%, 78.2%) 70.6% (63.3%, 77.0%) 0.887
a Results presented for all children 6–23 months of age (N = 776). Mean (95% confidence interval) was used as the measure of central tendency for
normally distributed variables.
b MPI score 0.33 is considered at risk of acute poverty.
c ICFI score = 6 is equivalent to good practices based on continued breastfeeding, increased dietary diversity, and increased meal frequency based on
child’s age range.
doi:10.1371/journal.pone.0166295.t002
Table 3. Coverage and Consumption of PKL’s Fortified Complementary Instant Cereals among Chil-
dren 6–23 Months.
Variable Na Percentage (95% confidence interval)
Message coverage (%) 777 85.0 (81.6, 87.8)
Contact coverage (%) 777 37.8 (33.3, 42.5)
Partial coverage (%) 756 8.8 (6.4, 11.9)
Effective coverage (%) 756 4.6 (2.9, 7.2)
a The percentage coverage was calculated without missing values.
doi:10.1371/journal.pone.0166295.t003
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on Farinor and Nutribon were shopkeepers or pharmacists (33.1%), television (22.2%), health
workers (13.7%), and acquaintances (13.5%). Among the caregivers interviewed, 31.0%
reported that they liked PKL’s products because the product is good for the child, 20.6%
because of the taste, 8.8% because of the packaging, and 6.6% because of the price.
The main barriers were: intra-household sharing of the product was common and IYCF
practices were poor. For poor households more specifically, the main barrier was the price of
the product (45.8% of the poor caregivers reported that the product was too expensive). The
practice of intra-household sharing of the product, which reduces the amount available for
children in the target age range, was reported in 24.3% of the households. The product was
shared mainly with other children in the household (71.9%), adolescents in the households
(23.3%), and the caregiver (21.0%).
Discussion
The findings of this survey show that, despite high awareness of Farinor and Nutribon, regular
utilization is low. Poverty was a barrier to message and contact coverage: Respondents in poor
households mentioned the high price of the product as a reason for not trying the product.
However, the frequency that the product was used did not differ between poor and non-poor
groups, indicating that frequent utilization is not dependent on poverty status.
The coverage-need analysis shows inadequate targeting of poor segments of the population
suggesting there are high unmet needs in this population group. The contact coverage data of
other complementary food products consumed suggest, not surprisingly, that no single com-
plementary food product would cover all children. This finding highlights the importance of
further increasing the availability and affordability of fortified complementary foods beyond
just a single producer. Working on the national standards for formulation of these products
would affect many children living in Abidjan and possibly elsewhere, as the consumption of
any brand of fortified complementary instant cereals is relatively common. Furthermore,
efforts to this end may include free or subsidized distribution by the public system or by non-
governmental organizations.
This survey found that IYCF practices in the population were poor, which is consistent with
findings from other surveys conducted in Côte d’Ivoire [2, 10]. This further emphasizes the
major efforts needed to improve IYCF practices, especially with regard to exclusive breastfeeding
Table 4. Met Need and Coverage Ratios of PKL’s Fortified Complementary Instant Cereals by Coverage Measure and Risk Group a.
Type of coverage Risk group Percent met needb Coverage ratioc
Message coverage Poor householdd 76.0 (65.9, 85.7) 0.88 (0.76, 0.99)
Poor IYCFe 84.5 (79.9, 88.7) 1.02 (0.92, 1.14)
Contact coverage Poor household 28.5 (20.0, 38.4) 0.70 (0.47, 0.96)
Poor IYCF 41.3 (36.8, 46.6) 1.35 (0.99, 1.88)
Partial coverage Poor household 8.5 (3.4, 15.5) 0.84 (0.33, 1.62)
Poor IYCF 8.8 (5.7, 12.3) 0.67 (0.33, 1.50)
Effective coverage Poor household 3.4 (0.5, 8.4) 0.71 (0.09, 2.15)
Poor IYCF 5.1 (2.8, 7.7) 1.83 (0.61, 8.86)
a All values are percent (95% confidence interval), unless otherwise indicated. Results presented for all children 6–23 months of age.
b Met need is the estimated coverage in the at-risk group. Estimated using blocked weighted bootstrap estimation technique.
c Coverage ratio is the ratio of coverage estimates in at-risk vs. not at-risk groups. Estimated using blocked weighted bootstrap estimation technique.
d MPI score 0.33 is considered at risk of acute poverty.
e ICFI score < 6 is considered poor IYCF.
doi:10.1371/journal.pone.0166295.t004
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for children under 6 months and feeding nutrient-rich complementary foods to children over 6
months. To expect the program to have a measurable impact on children’s nutritional status,
general IYCF practices would need to be improved, effective coverage would need to be
increased, and possibly other interventions (such as improved water, sanitation, and hygiene,
and malaria prevention and treatment) would be needed to address factors contributing to vari-
ous forms of malnutrition [23].
A limitation of this survey is that the results can be generalized only to children residing in
Abidjan, not the rest of the country. However, this was the main target of the distribution of
Farinor and Nutribon. If and when distribution is expanded to other parts of Côte d'Ivoire,
additional evaluation studies should be done to measure acceptability and coverage. In addi-
tion, because Farinor and Nutribon are targeted to children under 2 years of age, this survey
included only these children in the evaluation. It did not include older children whomay also
consume fortified instant cereals. Nonetheless, older children are generally at lower risk of mal-
nutrition than younger children.
This surveywas focused on program coverage and barriers to coverage. The efficacy of the
product has been assessed in a separate cluster-randomized controlled trial [23]. Future work
should investigate how a behavior change strategy could be designed to better promote the
effective coverage of fortified complementary foods and how to sustainably improve IYCF
practices. Additional deliverymodels should be explored to complement the market-based
approach and to increase the coverage and more efficiently target the poorest population
groups.
Conclusion
The results from the present study indicate that availability on the market and high awareness
among the target population is not sufficient to achieve high and effective coverage. With mar-
ket-based deliverymodels, significant efforts are needed to improve demand. Moreover, given
the high prevalence of malnutrition and poor IYCF practices, additional modes of delivering
IYCF interventions and improving IYCF practices should be considered.
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